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A BSTkACT

The principal obj ectives of this study
were to isolate and identify the factors
governing the demand for domestically pro-
duced rainbow trout in a representative West
Coast market--the greater Los Angeles Area--
and assess the impact  if any! of the intro-
duction of pan-size salmon on that demand
The report begins with some observations on
the development of salmonid aquaculture and
then turns to a discussion of the Los Angeles
market for rainbow trout. The approach taken
in the demand portion of the study was to
identify those variables hypothesi ed to
determine supply and demand for rainbow
trout. Several testable hypotheses concern-
ing the anticipated relations were specified,
lt was hypothesized that a negative relation-
ship exists between the price of trout at
the brokerage level and the quantity demanded
at that level. That is, as the price of
aquaculturally produced rainbow trout con-
fronting the wholesale buyer at rhe brokerage
level increases, one would expect him to
substitute away from the domestic trout,
thus reducing the quantity of that product
demanded from the broker, metes'ze pa. fbua.
Conversely, the price of trout at the whole-
sale level was hypothesized to be positively
correlated with the quantity of trout demanded
at the brokerage level. This implies that,
as the pri ce of domestic trout which retai l-
ers are willing to pay their wholesaler in-
creases, the wholesaler would be expected to
demand greater quantities of trout from his
broker s!, oeterfm paribus. Based on this
hypothesis, the signs' on the coefficients
of variables accounting for wholesale prices
at the brokerage level should be positive.
For example, if the price the wholesaler
could cojmand from his retail customers for
substitute items such as salmon, halibut,
sole, etc. were to increase, the wholesale
buyer would find it to his advantage to
shift his purchases to those products while
cutting back his demand for domestically
produced t.rout at the brokerage level,
eeterze pars&am. If on the other hand, the
wholesale buyer faced increased prices for
those substitute items from his broker, one
would expect him to reduce his demand for



those itr:ms and increase i.is pur «bases of
dome st ic rainbow t rout. I t was hypothesi z ed
that Japanese and domestic trout are substi-
tutes in consumption and, thus, that the
presence of Japanese trout in the market
place would have a negative impact on the
quantity of domestically produced trout
demanded. Personal disposahle income was
hypothesi zed to be positively correlated
with the quantity of trout demanded. That
is, as personal income increased, so would
the consumption of domestically produced
rainbow trout, ceteris paribus. Expecta-
tions were that seasonal factors  hoJidays,
for exampIe! tend to cause trout demand to
fluctuate cyclically.

An econometric simultaneous equatrons
model was specified from which est.imat.es of
the parameters of the demand equation were
obtained using two-stage least squares
techniques.~ A recognir.ion of the limita-
tions associat.ed with the available data set
necessitates the emphasizing of the prelimi-
nary nature of these results.

Date on quantities and prices of rainbow
trout and equivalent price series for hypo-
thesized substitutes were obtained through
personal interviews with market participants
and close observers thereof.

The results of the study, while prelimi-
nary, tend to support. the origirral set ot
hypotheses concerning the interrelationships
between the quantity of domest.ic trout de-
manded and its associated market prices,
the prices of close substitutes and seasonal
fluctuations in demand . Somewhat unexpec.-
tedly, the research seems to have uncovered
a negative income/demand relat ionship for
rainbow trout. It raises some interesting
questions which raight best be addressed in
terms of hypotheses for future analysis.

I NTRDDIICT I Ohi

The oceans have long provided a rich and
varied source of food protein for human con-
sumption. Under the dual burden of exploding

The econometric portion of this paper was
presented at t.he 1916 meetings of the North-
west Fish Culture Conference.

population growth and an increasing global
demand for animal protein sources in the
diet, the struggle over distribut i.on anti ex-
ploitation of this common property resource--
the sea and its organisms--has taken on ncw
dimensions in r ecent years. The compl exit ies
of international management oi several eco-
nomically important species have been asso-
ciated with serious depletion of natural
stocks. As a result, numerous alternative
techniques for either supplement ing naturally
occurring populations or propagating and
rearing to maturity aquatic organisms in
artific ial environment.s have received pri-
ority attention. tIf these two basic supple-
mental strategies just identif ied, this
analysis focuses principally upon the latter,
which is coramonly referred to as aquaculture.

For the purposes of this study, the term
aquaculrure is intended to describe the fish
culture technique wherein an organism is
hatched, reared, and ultimately harvested
under the constant control and management of
a production facility's staff. In the case
of, salmon, the fish remain as private prop-
erty on the farm site throughout their
lives, thus avoiding loss through predation
from natural sources and commercial fishing.
In addition, this high-density impoundment
technique theoretically can provide a con-
tinuously harvestable stock of marketablc
product, and a uniformity of produce size
and quality lacking in conunercially harvested
ocean runs, This latter point is of partic-
ular importance to t.hc inst itutional-res-
taurant trade, which accounts for a very
significant portion of thc total demand.

Salmonid aquaculture is not a new phenom-
enon in this country. Trout have heen rearerl
in closely managed environments for more than
100 years and the first trout farm in thc
Northwest was established in 1909  Klontz
and King 1975!. However, for anadromous
species, the concept of intensively managed
food fish production is a relatively new
development because tech~ical and political
barriers have only recently been overcome.
The first commercial sa!mon product ion
operation began in Puget Sound. By the
spring of 1972 the initial crop of mini, or
pan-size, salmon was harvested. This
raising of raini salmon under controlled con-
ditions was both a biological and marketing
experiment, Chinook and coho species were
reared under close supervision to a stage
of development which, it wa s hypothesized,
would incorporate the advantages of a single
serving fish like the trout and yet retain
the highly desirable taste and color traits
of the much larger mature salmon. The ex-
periment created enough interest so that by
the early 1970s pan-size salmon production



f ac i I i t i <. s had appea re<1 in Oregon, Idaho,
and  ,or;:>dr>;is wc I I a s s ever a I addi t i onu. I
sires iri Washington  Rr:>neon I9. 3! . Inves-
tors included large natioiial and multi-
national corporat ions such as Union Carbide,
Ralston-purina and Weycrha<.user I f'isherrnen' s
co<>per.ii. ives; and seve ral consol i dated
Iridian tribes  Deioria 1973].

By the summer of l<r7S, considerable in-
terest in thc market potential of pan-size
mal<a>ri had surfaced. Several early efforts
had bern made to appraise consumer response
to pan-stzc salmon's arrival in the market.
However, owing to the lack of «vailable
data on acr.ual market performance, these
tended to take the form of non-quantitative,
opinion, or taste-panel evaluat iori surveys.
The results of these market surveys genera-
ted an atmosphere of guarded optimism with
regard to the riew industry's future. By
,July of I<r75, when the present study was
being considered, it w<is s<ipposcd i.hat
sufficient data to do a prelininary quanti-
tative analysis ot the pan-size salmon
market could be compiled. Afl.er consider-
able effort ir became apparent that this
supposition was incorrect. Ilowever, during
this unsuccessful der a col l ect i on ef fort,
it became cle;>r that, at least in the minds
of industry members, ra>nbov trout was the
c losest potent i a I subsr i trir e i ii con!>impt i on
for the new prod<>et in the market place.
Thus, it was hypothesized, the forces gov-
erning the market behavior of rainbow trout
werc simi lar ro those confront irlg pari-size

y sal~on. That i s, hy examining:  a! the
sensitivity of consumer purchases of rainbow
trout to changes iri thc price of rainbow
trout,  b! changes in the prices of alterna-
tive food items hypothesized to he close
substitutes in cons<ra>pt iori for rainbow
trout, and  c! changes in personal disposa-
ble income levels, one might predict the
probablc marl'et response  o the presence of
pan-size salmori, and/or variation in any of
the demand parameters. It was within this
framework that this prel iniinary analysis of
the demand I or pan-si ze salmon shifted its
focus to the demand for domesti c rainbow
trout, and the impact, if any, of the
arrival of pan-size salmon in the market
place on that demand, During the investi-
gative stage of the study another develop-
rnent took place. Firms which had been
marketing pan-size salraon began to have
second thoughts. Pan-size salmon sales de-
c I ined. When interviewed abour the under-
lying causes of this decline, marketing
managers and ol.her.s close to the industry
indicated that they believed consumers were
treating pan-size salmon and trout as close
subst i tutee. Sa lmon could not compete
successfully «ith trout because of the lower

unit pr.ice <>eeoc iated with the latter. This
provided <>dditional impetus for exploring
the degree of substitution in demand between
tire two goo<.ls.

Because t.ro~t have been aquacultural ly
produce.i >r>d marketed in the United States
tor more thari 100 years  Klontz and King
1975!, it was assumed that data on the
product ' s market performance would be avail-
able and thar. some quant itative demand
analysis on trout probably had been done.
After an exhaustive search it became clear
that neither assumpt ron was correct.

An in-depth historical survey of the
trout aquaculture industry is beyond the
scope of this investigation. However, Klontz
and Kir>g �97S! have produced an excellent
compendium of aquaculture in the United
States. For clarity's sake, however, a few
higlilights of the character of that industry
must be ident <fied,

Idaho is responsible for 90 percent of
the nation's total food fish production of
rainbow trout, There are 14 independent
companies and 28 production facilities in
the stat.c. The industry is dominat.ed by
three major integrated operatioris accounting
for more that 80 percent of the total output,
'I'he industry might hest be characterized,
historically, iri terms of intense, personal
rivalries. Even in the hest of circumstances
highly priced-competitive behavior, des-
cribed by one industry membe~ as "absolute
cutthroat marketing," has been the keynote
of Idaho trout aquaculture, Every effort at
cooper at ive interact ion among indust ry
members has resulted tn disharmony and mis-
trust. got surprisingly, demand analysi s
and market research have received little or
no at tention ar>d support as a result of ap-
prehension on the part of. producer~ at re-
vealing accurate, detailed production and
shipment information.

In spite of this general air of mistrust
within the aquaculture industry in Idaho,
there has been a growing recognition of the
need f' or market research and demand analysis
on the part of industry members. Ti'is
realization contributed sr>fficient inroads
to provide at least ar> interested and, to
some extent, cooperative group of aquacul-
turalists to whom the project proposal was
l>resented. Some limited production data
were provided in confidence and thus are
not reported here. In «ddit ion, general
intormation on the character' and capacity
of the major Idaho trout production facili-
ties and the associated sales and distribu-
tion networks of each were obtained through
personal irrterv r' ew.



These preliminary explorations led to
the decision to focus the analysis or> the
Los Angeles metropolitan market. This
selection was raade in light of information
which indicated Los Angeles represented the
distributiorr network within which rainbow
trout, ocean-caught salmon, and pan-size
salmon had been most consistently available
over the longest continrious time span.
Further. the l.os Angeles market is relat ive-
ly free of distorting influences believed
to be associated with other west coast mar-
kets, such as ready availability of trout
and/or salmon sport fisheries or a histori-
cal reputation t'or absorbing excess iupplies
of fish products. Time and resource limita-
tions precluded consideration of other sig-
nificant markets in thc Rocky Mountain
states, Midwest, or I:ast Coast. preliminary
contacts were made with brokerage firms in
the I.os Angeles market that represent the
major Idaho trout producers. 'Irrhi le the
project's reception was mixed, several
brokers expressed iriterest in the analysis
and were willing to provide access to
sales records. Some data were immediately
made available while other brokers indica-
ted they would require permission from their
Idaho clients before releasing t.lie inforraa-
tion on shipments. Same brokers were in-
strumental in providing lists of distribu-
tors of rainbow tro~t who, it was felt,
could provide further data on the movement
of the product in the Los Angeles area.
Subsequently, several wholesale compani es
did provide sales and shipments information
for use in this analysis. They wer'c also
very helpful in suggesting apparent substi-
tutional relationships araong fisheries
products. Sales information on both prices
and quant it i es of several lropulor fish
products competing with rainbow trout in
the Los Angeles market. including pan-size
salmon, was made available to the research-
ers.

THF LOS Ayl iELF.S MARKF.T

The Los Angeles distribution net.work for
rainbow trout. can be viewed irr terms of
seven distinct divisions of activity. The
first or primat.y supplier i.s the producer/
processor. At least in Los Angeles this
group is dominated by Idaho suppliers. The
second link in the marketing chain is the
broker, followed immediately by the whole-
saler. Wholesalers distribute most of the
product to the fo~rth stage, the institut ion-
restaurant sector. Some small percentage
of the total domestically produced rainbow
trout moving through the system finds its
way into retail market outlets. However,
indications are that this retail market is
dominated by trout imported from Japan.

Rr yorid this lrrirr.:rry rietwork t
secondar'y avenue t hrough wlri c
rainbow trout are distr ibuted
retail market outiets, This
performed by food cha in buyer
in hulL directly from produce
supply t heir ai'f i I iat ed ret ai
Angeles.

nere exists a
h dornestrc

to l.os Angeles
function r's

who pur hase
rs and then
l r rs in Los

'Ihe seventh and final link in the distri-
butional chain is the buying public. The
complete network and its interrelationships
is represented as in Fig. l.

PpvcLrrt'ep/P2'oc'esa 1'

The producer/pr oc.essor, as discussed
earlier, serves the dual furrction of propa-
gating and rearing the fish to marketable
size, then harvesting and processing the
animal into a finished product ready for
distr ihut ion. The Idaho Rainbow 'l'rout
Industry is expected to produce 59 million M
pounds of food fish arrd contribute $50
million to the state' s economy by 1980 ac-
cording to Dr. t;eorge Klontz of the Univer-
sity of Idaho. The state's productian
facilities serve, for all practical purposes,
as the exclusive continuous suppl ier of
domestically produced rainbow trout to Los
Angeles.*

'For the sake of accuracy it should be
noted t.hat rainbow trout, are produc.ed in
relatively signifi carit numbers in Montana,
Colorado, and Wyoming. Several other western
states have production facilit ies but do not
produce suf f'i c i ent quant i t i es of product to
merit attention. llowever the vol~me of orit-
put of all of the above-mentioned producers
is so minor when compared to the Idaho in-
dustry's production that for purposes of this
analysis the term "Idaho rainbow trout" wilI7
be used interchangeably with the term r
"dome st i ca l I y produced rainbow t rout . "
Conservative estimates of Idaho's dominance
of the industry put the portion of total
national production of rainbow trout reared
and harvested in Idaho at 90-95 percent
 Klontz and King 197S! The proportion of
domestically produced rainbow trout distri-
buted in the L.A. raarket or iginating in
Idaho is even higher. Therefore, no
attempt will be made to differentiate be-
tween Idaho, klontana, Colorado, and Wyoming
trout entering I..A. The volume of non-
Idahoan, but domestically produced, trout
has historically been very insignificant
when they appeared at all, at least over
the period observed in this analysis.
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l'he broker, as defined by the,slat ional
Food Brokers Association, serves as "an
independent sales agent who performs the
services of negotiating the sale of food
and or grocery products for, and on account
of, the seller as principal, arid who is not
employed or established by, nor an affiliate
or subsidiary of, any trade buyer, and
whose compensat.ion is a commission or
brokerage paid by the seller."  O' Rourke
' nd DeLoach 1 971!. Characterist.ic of the
Los Angeles brokerage network, the br oker
does not usually take title to, or posse~-
sion of, the product. Brokers serve to
facilitate communication between buyers and
sellers. Recent indications are that some
producers are in tlie process of securing
their own sales staff, thus bypassing the
broker altogether, However, during the
period under invest.igat ion t.he broker
served as the link between producer arid
wholesale distributor in i.os Angeles.

w9zo r eaa? er

The wholesale segment of' the Los Angeles
distribution network for rainbow trout
tends to contain mote participants than
docs the brokerage sector. Brokers typ-
icallyy maintain a onc-to-one long-term
relationship with a particular producer.
The wholesaler, on the other hand, has
characteristically shifted suppliers  pro-
ducers/processors! over. time. liowcver,
generally speaking, the wholesaler tends to
market only a single supplier's product at
any one t ime.

The wholesa ler is responsible for the
distri bution of the product to the retail
level. In the case of l.os Angeles, rainbow
trout. from domestic farms arr: almost. exclu-
sively dest ined for the rest.aurant-institu-

~ tion market. Approximately 99 perce~t of
the domestically produced rairibow trout
entering the Los Angeles distribution net-
«ork arc consumed by the inst itut iona I-
restaurant trade  grreirolo 197. !

The retail level in the Los Angeles
market has two dist.inctly different segments.
As just mentioned, the majority of thc do-
raest ical ly produced product finds its way
i nro in st itut ions, and rest aurant s. This
t.ends to he the case apparently due to the

highi.r qual itv and uniformity of the domes-
tic product when compared to the imported
trout ava i I able i ri the market. 1!owever,
accompanying this relative advantage in
product quality, the domestic rainbow trout
aro consistently higher priced per unit than
the Japanese fish. This price advantage
enjoyed by the imported produc.t has re-
sulted in the dominance of the over-
the-counter trade hy t he,Japanese product.
While some domestic product ultimat.ely finds
its way through thu primary distribution
network to the rr:rail outlet meat counter,
the percentage is not great, Perhaps, as
iridicatcd earlier, »o more than five percent
of the total shipment of rainbow trout
enteririg Los Angeles reaches t he consumer in
this manner.

Some relatively signif icant numbers of
domestic rainbow trout. b>Tass the primary
distribution network just described and
arrive at the over-the-counter retail outlet W
via buyers . The~e buyers are employed by
individual chain outlets such as Safeway,
lnc, and A. g P. They serve as both brokers
and wirolesalci.s for their particular cha in
outlets in a region, buying in volume and
distributing the product to each affiliate
as demand for thc product dictates, The
volume of domest ic rainbow trout moving
through this secondary network has histori-
cally been relatively minor when compared ro
thar of the primary distrihutional web or
the volume of imported trout marketed at this
"over-the-courit er" level. Very recent ly,
however, U.S. importatiori of foreign-produced
troiit has been decl ini.»g as a result of in-
crcatcd demarirl for trout in Japan and furope.
Therefore it would appear reasonable to
assume that some mari et adjustment in the
dist.rihut ion of the doraestic product. in
response to the void created by reduced im-
ported supplies may be inevitable. At the
very least, it bears close obseriation in
any future analytical research on this
subj oct.

t cne2pie1'

The dimensions of the final consumption
market in the Los Angeles Standard Consoli-
dated Stat istical Area  J>SCSA!, as defined
by the li.S. Bureau of Census, are substan-
t.ial. For the purposes of this analysis
the total population of t,he LASCSA can be
viewed as representing the latent market
faced by suppliers of rainbow trout . The
Ilepartment of Commerce, Bureau of the
Census, piaced the population of this region
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in excess of 10 million in 1979 with an
adjusted gross income of over 40 billion
dollars,*

res iiid teated earlier, the emphasis of
this study was to examine the nature of the

~ deniand for rainbow troiit. Of pattie»lar
interest was the influence of changes in
prices, incomes and the appearance of pan-
size salmon oii tiie qrianiity of trout de-
manded. For reasons already discussed, the
l.os Angeles market was chosen as the area
in which to conduct t he analysis.

Thc market network was statistically
approxi mated by the use of aii econometric.
simultaneous equations model, The demand
equation at the wholesale level was quanti-
tativelyy estimated using two- stage least
squares techniques. The wholesale level
was selected because there were fewer gaps
in the data at this level than at. the retail
level, The results of the regression are
reported below and the interested reader
is encouraged to explore this somewhat more
technically detailed section. However, for
thc reader who is not familiar with, or
liart. icu1 arly i nt er est ed in, the stat.i st. ical
teehnirlue fOr the derivatiOn of an ecoiio-
metri InOdcl and its coefficieiits, ti.ere
would be no loss of continuity if hetshe!
chose to proceed, at this point, to page l I.

The economic model developed in an at-
tempt to;iliproximate the wholesale level of
the l.os Anyeles distributional network for
rainbow trout is spec i fi ed as follow's:

/ wt 3 wt rt rms Fwlrgt
t. -I t-1 t

P D, D, D  l'/gl Dim t

*The adjusted gross income figure is for
1973, the most recent available. The source
for this and the population figure cited
above is The Caiifornia Statistical Abstract,
California Department of Finance, 19r5, p.

and assumes the identity,

where the colon is read "depends on", a comma
is read "and",  Foote 1958! and the variables
are defined as follows I

Q /N � quantity of rainbow trout demanded 
Wt

t
at the wholesale level, per capita,
in time t.

price of rainbow trout from broker
to wholesaler in tirae t, This
price i s assumed to be endogenous.
It is hypothesi=ed to be negative-
ly related to the quantity demanded
by wholesalers in thi» raodel and
positively related to quantitv
supplied to wholesalers.

= price of rainbo~ trout from whole-
sale to retail in time t-l. This price
is hypothesized to be an important
explanatory vai'table in the simul-
taneous determination of

,wtQ /v and p . The argumeritd Jt b
follows from the proposition that
the price received in thc late~t
precedi»g period, i.e,, t-l, will
contr i bute t o t he d et.erm inst ion of
demand for rainbow trout in time t,

rt.
l'hus p bec ome s a predeterminedwt-1
variable owing to the lag. It is
hypathesized to be positively re-
lated to the "quantity demanded"
variable.

price of medium-sized salmon,
wholesaler, to retailer, in time
t -l. Mediura salmon is hypothesized
to be a close substitute in can-
sumpt ion for rainbow t rout and,
thus, to be negatively related to
the quant ity of t.rout demanded.
That is, as the price wholesalers
receive for mediirm salraon increases,
they are expected to demand a
smaller quantity of rainbow trout
Again this var.iable is lagged to
account for the most recent
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historical price informat ion
available to the wholesaler
when hc makes his current
buving decisions.

price of "large" trout from
broker to wholesaler in time t.
Because this appears to be de-
termined in the "retail out-
lets" market, it is treated
exogenously in this raodel. It
is hypothesized to be positively
related to the quantity of rain-
bow trout dcraanded.

price of pan-size salmon from
wholesaler to retailers. The
argument. for the inclusion of
this variable is identical to

rms
that iaade above for P . It,

too, is hypothesized to be nega-
tively related to the quantity
of trout demanded.

per capita real personal dispos-
able income for the Los Angeles
SCSA in time t. This variable
is assumed tn he exogenously
determined. It is hypothesized
to account for demand-determin-
ing forces resulting from gen-
eral economic conditions and to
be positively related to the
quantity of rainbow trout demand-
ed.

a binary variable included in
the demand equat ion to reflect
the potential influence of
Japanese trout, as a demand
shifter, upon total quantities
of domestic rainbow trout ~oving
through the Los Angeles market.
in time t. Its coefficient is
hypothesized to be negative.

a series of binary variables
intended to detect any signifi-
cant seasonal shift in demand
on a quarterly basis. Several
preceding studies on seafood
demand have tentatively identi-
fied seasonal fluctuations in
demand owing to, it has been
hypothesized, such factors as
religious holidays, traditional
non-seafood main course dishes,
i.e., Thanksgiving turkey,
Christmas ham, etc. Industry
sources, interviewed during this
analysis, are divided as to the
significance and t.iming of such

se.isonal shi.fts in demand for
rainbow trout. It would seem,
there fore, to be a natural
hypothesi s to invest i gat.c.

Equation  I!, then, is thc per capita de-
mand equation for rainbow trout in the Los
Angeles wholesale market,

Equation �!, the supply equation, con-
wttains, in addition to P

t / = quantity of rainbow trout supplied
t to brokers lor sale to Los Angeles

wholesalers in time t. The vari-
able is cxprcsscd in pcr capita
terms.

price of rainbow trout frora broker
to wholesalor in time t-I for the
Fulton Fish Market, New York.
The variable is hypothesized to
account for shifts in supply re-
sulting from variation in the price
of rainbow trout in alternative
markets. Thus, the sign of its
estimated coefficient i s expect.ed
to be negative.

variable "time" accouriting for
supply shifters not otherwise
ohser vable given the available
dat.a.

All prices are deflated by the Wholesale
Price Index for farm products, processed
foods, and feeds, U.S. Bureau of Labor Sta-
tistics. Income, Y, is deflated by the
Corisumer Price Index, U. S. Bureau of Iconomic
Analysis. Thc variable 3 is the population

t
of the Los Angeles SCSA, in time t, as re-
ported by the U.S, Bureau of the Census,

total

The identity Q /N = Q /N = Q /N
d t s t t

specified an equilibriuai condition in which
quantities supplies are exactly equal to
quantities demanded, i. c., it is assumed that
there are no inventories held at the broker-
age, wholesale, or retail levels in this
market, at least for longer than one month.

Several specifications  i.e., functional
forms! of t.his basic economic model were
hypothesized and quantitatively estimated
using two-stage least squares techniques,'

For a complete review of the alternative
model specifications and resulting statisti-
cal evaluations the reader is referred to
Queirolo {l977!.



'the most. sar i s factory in terms oi R, F,
rrnd t statistics is reproduced below.

This second regression equation contains the
estimated rel at i oriships of interest which is
discussed below.

fhc data employed were monthl> for the
period May, 1972, to Dcccmbcr, 1973. 'l'he
results of thc first stage oi the 28hg re-

4t
gressron, wherein P, predicted price, is

b
t

estimated in terms of all t.he exogenous
var i shies in the model, are:

P = . 0123 + . 00334 P i 00087 P
h
t. �. 68! 12. 79! t-I  . 974! t-I

w, w

.000136 D2 + . 000112 D .000 6 D
 -0.9505!  .7088!  ,578!

,0000166 T - .0000169 0
 -1.16]  -.636!

wl rgt

�. 45! t.

rpss wnyt
w ' b

 -2. 67! t -1  . 960! t -I

.00000326 Y/N
71!

2R = .910032 1-' � statistic 22,9889, 11,

25 d.f.

In the second stage quantity-dependent
4t .

equation, P is included as an explanatory

variable and yields:

 /5! = .0175 a .00726 P
�.37! �.04! t.-l

.000031 P
 . 632! t � I

,000282 D + .000328 D +
 -1.76!  I.53!

.0000459 D
 . 278!

.0000388 D + .5607 Pb
 -1.18! �.05!

.0632 V
 -1.97! t-I

.00000439 Y/N � 1.549 Pb
 -3.91i  -2.35!

R = .5912 F � statistic 3.6153 10, 25 d.f.
2

Durbin-Watson Statistic 1.667
where the t-values are in parentheses below
the coefficients.
The critical t-value, a = .10 is 1.316.

':unary o..he Reau2fa

In terms of tire relat.ionships postulated
at the oritscr of this analysis concerning
the market demand for rainbow trout, the
resu I t s of st at. i st icall y f it ting the model
are most irrr.cresting. Pan-size salmon has
consistently been irypothesized to be a close
substitute in this market for domestically
produced rainbow trout. The results of
this analysis tend to support this hypothe-
sis. The variable accounting for the price
of pan-size salmon enters the regression at
a stat i st ical ly s ign if icant level and with
the expected negative sign. Data limita-
tions with regard to pan-size salmon pre-
clude the est imat.ion of a cross-price elas-
ticity figure. It ts, however, possible to ~
conclude with sorae certainty that parr-size
salmon does serve as a substitute in con-
surapt ion, i,e., a demand shifting factor,
for rainbow trout. By rccomput.ing the
demand equation with data from those periods
during which pan-size salmon was not present
in the market it was discovered that the
appearance of. pan-size salmon does shi ft the
demand curve for rainbow trout and that the
magnitude ot thc shift may vary with the
season of the year. That is, based upon
t.hese results, it appears that the presence
of pan-size salmon in rhe market during
certain seasonal periods may have a more pro-
nounced impact on dearand for ra inhow t rout
than it would during other seasonal periods,
While the resrilts are only preliminary this
hypothesis would seera to merit additiona]
attention. Perhaps there is a trout seasond
and a pan-size salraon season in terms of
consumers' purchasing decisions,

The second quarter of the calendar year
appears to reflect a period during which
consumption of rainbow tt.out is on the de-
cline This seems to be in agreement with
industry perceptions, The first quarter
characteristically is the big seafood season
as the Lenten period is observed. Following
the end of the religious observance there
tends to be some adjustment away from fish
in favor of alternative food protein items.
The decline in demand for rainbow trout in
this period probably reflects a more general
downward trend in seafood consumption.

*On the other harrd, seasonality may be
more supply than demand related. Ilowever,
an alternative specification of the model,
in which quant.ities of rainbow trout sup-
plied to t.he Los Angeles market were assum-
ed to be exogenously and seasonally deter-
mined, failed to support this view



The relevant market price of rainbow
trout is represented at the wh< 1<s:iler'-to-
retailer level and the broker-to-wholesaler

Atlevel by P and Yb, respectively in the
L-I T.

econometric model. Both price variables
enter the regression at statistically sig-
nificant levels and with the expect.ed signs
on their coefficients. In the case of the
price of rainbow trout from wholesaler to
retailer the relationship was expected to

/ be positive. That is, as the price the
whol esa1er i s ah 1 e to command for ra i ribow
trout t rom hi s reta i I custoraers inc rea ses,
he will demand greater quantities of rain-
bow trout from his broker s!. The magnitude
of this price sensitivity is reflected by
the price elasticity, calculated in this
case to be 5.9. The relationship is price-
elastic inasmuch as a one percent increase
in the price received by the wholesaler in
the previous period for rairibow trout would
be expected to result in nearly a six per-
cent increase in the quant ity demanded at
the brokerage level, eater fa pr~ibws. This
elasticity figure is calculated at the mean
value of the variables. In Fig. 2 this re-

lationship is outlined. In Fig. 2a, Dr
w

t-1

depicts the quantities retaiiers are willing
to purchase at various wholesale-to-retail

.r
prices, ~bile S depict s tire qiiant it ies

t-I
whoiesalors would be willing to sell at
these prices, Factors affect ing the shapes
of these curves are assumed to be invariant
as one moves along these curves. Under
these conditions the market-clearing price
and quantity are P and q respectively.

In the present study, it is hypor.hesized
that, in the Los Angeles trout market the
relationship betweerr quantities of trout
that brokers would supply and the I<roker-to-

w
wholesale prices  D in Fig, gb! in the

b
t

currerit time period  t ime  ! is importantly
influenced by the price the wholesaier re-
ceived for trout during the preceding time

period. Thus D in Pig. 2b is drawn on theb

assumpt i on that the who I e sa I e-to-retail
price in time t-I is P

Under these conditions with S rcpre-,w
b

sent i ng the quant i t i cs Iiroi e rs w i 11 supply
wholes<i I ers at various prices, thc market
is cleared at quantity q and broker-to-

a
wholesaler price P It should also be

noted that, like the curves in Fig. 2a, both
w

S arid D have been draw'n under the assurnp-

tion that other factors affect.i:ig the shapes
of these curves Pand identified as explana-
tory variables in equations  I! and �]]
are j nvs ri ant a s one mov es a l orig these. curves.

Suppose, now, that instead of D, ther

who 1esa] e-to-retai 1 dern ind wer e O, pcr-
Wt-I

haps as a result of promotional activities
at the retail level. This would increase
the wholesale-to-retail market-clearing price
in time t-1 to P  and increase sales to q !

8 B
which, in tiirn would shift the current broker-

w'
to-wholesale demand ro D . The resulting

b

mar'ket.-c learing price and quantit.y at that.
level would become Ph and q, respectively.
Of interest in this study h3mwever, is the

w w*
shift in the O curve to D . This says

b b
T t

that, giveri the higher wholesale-to-retail
price, wholesalers would now like to pur-
chase greater quaritit ies of rainbow trout
at each of the prices they would have to pay,
For example, they would now be willing to
purchase. q, ratlier than q, at price Pc a' a
because of the higher price tlrey expect to
receive. Of cour-sc brokers are unwilling
to sel 1 t.hem q at pri cc P . In fact., com-

e ii
petition forces both price and quantity up
 to P and q !.

b

Here, then, is an interpretation of the
positive relationship uncovered between the
pr ice of rainbow trout received by the
wholesaler in the previous period and thc
quantity of rairibow trout demanded by the
wholesaler during the current period. Other
factors which are hypothesized to shift this
demarid relationship are the price of pan-
si=e salmon, per capita personal disposabie
income, which is discus~ed below, the price
of medium salmon, the availability of
Japanese trout, and various s<.asonal factors.

The price elasticity of demand for rainbow
trout at the broker-to-wholesaler level was
calculated to be 9.1, once again highly
price-elastic, This implies that, if the

12



Fig 2. Supply and Demand Relationships for Rainbow Trout, Wholesale-to-Re~xi]er and 8roker-
to-Wholesaler: A Graphical Representation.
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price of rainbow trout which the wholesaler
must pay were to decline by one percent,
the quantity demanded by wholesalers would
increase by more than nine percent, ceteris
paribus.+ Therefore a reduction in the
price of rainbow trout at the brokerage
level, i.e. by producers, would be expected
to increase total revenues accruing to fish
culturists as a result of their increased
sales of rainbow trout to the Los Angeles
market. This assumes that the retail price
of rainbow trout does not change in response
to the quantity change, This is probably
unrealistic and, theretore, any assessment
of the effect on tota l revenue inc reases at
the brokerage level of a retail price
response would have to be incorporated into
any decision strategy based upon the results
of this analysis. Unfortunately the avail-
able data do nor. permit a quantitative eval-
uation of the magr»tude of a retail price
response to a decrease in brokerage prices.

per capita personal disposable income,
deflated by the consumer price index,
entered the regression with a negat ive sign.
This is contrary t.o the hypothesized influ-
ence of income on quantity of rainbow trout
demanded. There are several possible expla-
nations for this result, The negative co-
efficient may be the product of statist ical
problems within the data sct. It is, of
course, not theoretically inconceivable
that, over some range, rainbow trout is in
fact an inferior good, as the negative in-
come coefficient would imply. The «'ord in-
ferior is used here only to describe the
 negative! income elasticity of a good.
 Ferguson and Gould I975!. !When, over some
range a good is observed to be inferior the
implications are that as income increases
the consumption of that good will decrease
This is not so difficult to imagine when
one recalls that income can be perceived
as a proxy for all other goods. In this
sense for example, as a corrsumer increases
consumpr.ion, including that of alternative
food proteins such as heef, pork, poultry,

'All elasticities have been calculated
at the means and should only be interpreted
as being indicative of the results of very
small changes about the mean values of the
relevant variables. For the elasticities
reported above those values are as follows:

P I'09' Pb '79' Qrt wt

t-I
,0013 lbs.

For computational purposes the numbers used
were I. 0967425; 0. 007900299. and 0. 00133139,
respectively.

and other sea foods, the uti l ity lre obtains
from consuming rainbow trout may be dimin-
ished over some observed range,

During the period of this analysis the
real per capita income in the i.os Angeles
Standard Consolidated Statistical Area has
in fact been declining. It has simultaneous-
ly been ohser ved that per capita consumption
of trout. has been on the increase. This may
be the result of the rapid rise in the real
prices of other goods for which rainbow
trout serves as a potential substitute,
while the real price of rainbow trout has
remained relatively constant or at least
has increased more slowly. If this were
the case then consumers would maximize their
utility subject to t.he irrcreasing constraint
implied by declining reai income, by substi-
tuting away from thc more price-inflated
food items in favor of rainbow trout, thus
producing the erroneous conclusion that
rainbow trout is an inferior good. This is
only conjecture at this point owing to a
lack of suitable data on these several food
protein commodities. Caine ident 1 y, the
economic cond it ions existing during the
duration of this analysis have been atypical
in terms of the historically establi shed
pattern, The years 1972 through 1975 have
seen price freezes, record inflation and un-
employment, and a decreasing real personal
disposable income, All of these factors
may have served to generate an anomalous
income/qrrantity relationship during the
period observed in this analysis.

The need for additional analysis in this
area seems indisputable based upon the in-
terest ing but very t.entative results of this
study, Any further quantitative examination
of the proposed model and hypotheses result-
ing from it must await the release of more
complete, detailed data.
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